Aridity index, as the ration of potential evapotranspiration and precipitation, is an important indicator of regional climate. GIS technology, Morlet wavelet, Mann-Kendall test, and principal component analysis are utilized to investigate the spatial-temporal variation of aridity index and its impacting factors in China on basis of climate data from 599 stations during 1960-2013. Results show the following. (1) Boundaries between humid and semihumid region, and semihumid and semiarid region coincide with 400 mm and 800 mm precipitation contour lines. (2) Average annual aridity index is between 3.4 and 7.5 and shows decrease trend with a tendency of -0.236 per decade at 99% confidence level. (3) The driest and wettest month appear in December and July, respectively, in one year. (4) Periods of longitudinal and latitudinal shift of aridity index 1, 1.5, and 4 contours coordinate are 10 and 25 years, 6 and 26 years, and 5 and 25 years, respectively. (5) Four principal components which affect aridity index are thermodynamic factors, water and radiation factors, geographical and air dynamic factors, and evaluation factor, respectively.
Introduction
Aridity index is the ratio of annual potential evapotranspiration (ET 0 ) and annual precipitation (UNESCO [1] , FAO [2] , and UNEP [3] ) and it usually reflects the degree of climatic drought. Regions where aridity index is less than 1.0 are classified as wet areas (Ponce et al. [4] ); the regions where aridity index is more than 1 are classified as dry areas since the evaporative demand cannot be met by precipitation. China is classified as humid area, semihumid area, semiarid area, and arid area mainly based on aridity index assisted by precipitation. Humid area is the region where aridity index is less than 1, semihumid area is the region where aridity index is between 1.5 and 1, semiarid area is the region where aridity index is between 1.5 and 4, and arid area is the region where aridity index is more than 4 (Zheng et al. [5] , Zheng et al. [6] ). ET 0 refers to the largest amount of evaporation that will occur if the sufficient water surface is available and it is a function of temperature, vapor pressure, wind speed, humidity, and solar radiation (Penman [7] ). So the spatial-temporal variation of aridity index change is the reflection on change of all climatic factors.
Effect of climate changes on hydrological regimes, especially hydrological extremes, for example, droughts and floods, has become a priority area both for process research and for water management practices (Zhang et al. [8] ). Many researchers have reported impacts of changes in climatic variables, such as precipitation, air temperature, sunshine hour, and wind speed, on the world. In China, 400 mm and 800 mm rainfall contours had a shifting trend toward west and south during 1960-2010 (Yuan et al. [9] ). Aridity index in northwest China indicated that the region became wetter from 1960 to 2010 (Liu et al. [10] ). Investigation shows that aridity index in Turkey during 1930 to 2000 increased at many stations (Türkeş [11] ). There is decrease in aridity index in Iran and decrease was more obvious in the semiarid region than in the humid region (Tabari and Aghajanloo [12] ). During 1960 During -2005 , eastern Greece has shifted from the "humid" class towards the "subhumid" and "semiarid" classes and at the end of the twenty-first century drier conditions are 2 Advances in Meteorology expected to appear in Greece (Nastos et al. [13] ). Based on collected meteorological data, we present a detailed analysis of spatial-temporal variations and its impacting factors in aridity index in China.
Data and Methodology
2.1. Data. Daily and yearly precipitation, maximum, minimum, and mean air temperature, wind speed (at 10 m aboveground surface), humidity, vapor pressure, and sunshine hour covering from 1960 to 2013 were collected from 599 meteorological stations from the China Meteorological Administration (CMA) and National Meteorological Information Center of China (NMIC). The data was released as the data set (SURF CLI CHN MUL DAY) after quality control in the Web site http://data.cma.gov.cn/. Missing data were estimated by the average value of the other years observed at the same station (missing data are mainly concentrated in 1967, 1968, and 1969) (Huang et al. [14] ). There exist 10 first-level river basins in China and they are, namely, Songhua River Basin (SRB), Liao River Basin (LRB), Hai River Basin (HaRB), Yellow River Basin (YeRB), Huai River Basin (HuRB), Yangtze River Basin (YaRB), Southeast Rivers Basin (SERB), Pearl River Basin (PRB), Southwest Rivers Basin (SWRB), and Northwest Rivers Basin (NWRB). The DEM data of China is from Computer Network Information Center, Chinese Academy of Sciences. The location of the meteorological stations and 10 river basins is shown in Figure 1 .
Methodology

Potential Evaporation (ET 0 )
. According to definition of aridity index of UNEP (1992), calculation of aridity index needs reference evapotranspiration (ET 0 ) and precipitation data. ET 0 is estimated using the Penman-Monteith (PM) equation (Allen et al. [15] ) which is the standard equation for ET 0 . The formula is given as
where ET 0 is daily potential evapotranspiration (mm⋅d −1 ); yearly and monthly ET 0 data are used in this paper; is the net radiation at the top surface (MJ⋅m −2 ⋅d −1 ); is the soil heat flux density (MJ⋅m −2 ⋅d −1 ); is mean daily air temperature at 2 m height ( ∘ C); 2 is daily average wind speed at 2 m height (m⋅s −1 ); is saturation vapor pressure (kPa); is actual vapor pressure (kPa); Δ is slope of vapor pressure curve (kPa⋅ ∘ C −1 ); is the psychrometric constant (kPa⋅ ∘ C −1 ).
Calculation of Aridity Index.
Aridity index ( ) is the ratio of potential evapotranspiration and precipitation which can be expressed as , and sunshine hours (h) used in P-M method (Xing et al. [19] ). Meanwhile we apply the Mann-Kendall (MK) method (Mann [20] , Kendall [21] ) which is distributionfree, is robust against outliers, and has a higher power than many other commonly used tests (Dinpashoh et al. [22] ) to recognize the temporal trend of aridity index. This paper decomposed the shift of weighted average position of aridity index contour line into longitudinal and latitudinal shift, and analysis of the periodic shift used Morlet wavelet.
Results
Spatial Change of Multiyear Average Aridity Index
Annual Distribution of Aridity Index.
China is divided into 4 types of regions based on average aridity index (Zhang et al. [8] ). Figure 2 shows the spatial distribution of different regions. Arid region is located in mainly NWRB, a little part of northwest in YeRB and northwest of SWRB. The semiarid region includes most part of SRB, LRB, YeRB, and SWRB, whole part of HaRB and half of HuRB in the north part. Semihumid region consists of east SRB, LRB, south of HuRB, north of YaRB, east of SWRB, and west of PRB. Humid region includes most of YaRB, PRB, and all of SERB. Boundary between arid area and semiarid area basically coincided with the 400 mm contour of precipitation; boundary between semihumid area and humid area basically coincided with the 800 mm contour of precipitation (Fu et al. [23] ). There exist enclaves in every kind of region such as two parts of humid regions located in the arid area in NWRB. The reason humid claves locate arid area in NWRB is that in Tianshan mountain area precipitation is more than other regions for its terrain. The reason other enclaves exist is because of the different aridity index associated with the terrain there.
Seasonal Distribution of Aridity Index.
Aridity index shows different distribution pattern in spring, summer, autumn, and winter (Table 1 and Figure 3) . Summer is the wettest season and winter is the driest in one year. In winter, only SERB belongs to the humid area; HaRB, HuRB, YeRB, NWRB, and SWRB belong to arid area. In summer, YaRB, SERB, SRB, SWRB, and PRB all belong to humid area. Autumn is relatively wetter than spring and no season is humid in HaRB, HuRB, YeRB, LRB, and NWRB.
It can be seen from Figure 3 that scope of arid region is the minimum in summer and maximum in winter. Arid only exists in most part of NWRB and a little part of SWRB in summer and exists in most part of all China including all of YeRB, HaRB, most part of NWRB, SWRB, and LRB, and west part of PRB, YaRB, and SRB. Area of arid in autumn is basically the same with that of the whole year. Semiarid area is different in autumn and winter from other times. Semihumid region is the smallest and the region is like a stripe among semiarid region and humid region in spring and winter. Humid region is different in autumn compared with the other seasons; it only locates in the middle part of YaRB and a little southeast part of SWRB.
Among aridity index calculation in seasonal scale, there exists condition that there is no precipitation in some stations. When precipitation is 0 in one station in one statistical time, we adopt the maximum aridity index in the same station in the same season in 1960-2013. Precipitation is 0 which indicates the extreme drought in one region. In spring, precipitation is 0 in 9 stations in 1968, 7 stations in 1963 and 1994. In Lenghu station, which locates in NWRB, precipitation is 0 during 17 years. There are 29 stations which exist in one or more years when precipitation is 0. Among the 29 stations 26 stations are located in NWRB. In summer, in Bachu station which locates in NWRB, there are 12 years when precipitation is 0. In autumn, stations where there is no precipitation peak are 18 in 1991. There are 35 stations which exist in one or more years when there is no precipitation; the no-precipitation years are more than 10 in 9 stations which all belong to NWRB. In winter, which is the driest season in China, it is only in 1995 that all stations have precipitation. There are 116 stations which exist in one or more years when there is no precipitation and the no-precipitation years are more than 10 years in 20 stations. Figure 4(a) shows the spatial distribution of aridity index change trends for 599 meteorological stations from 1960 to 2013 in China. There are 309 stations present increasing trend and they are mainly located in the middle part of China, including west of SRB, most of HaRB and YeRB, west of YaRB and PRB, and east of SWRB. In NWRB, aridity index in 10 stations increases and aridity index of other 133 stations decreases. Particularly, 39 stations show significant decrease (95% confidence level), 
Temporal Change of Aridity Index
Change of Annual Aridity Index in China.
Change of Monthly Aridity Index.
Aridity index has the obvious monthly characteristics and Figure 5 shows the variation of it in 10 river basins in whole China. In NWRB, HaRB, HuRB, LRB, NWRB, SRB, and whole China, July is the wettest month, in PRB, SERB, and YaRB, June is the wettest month, and in YeRB September is the wettest month. The driest month dispersed in January, March, April, October, and December. In all the monthly statistical data, maximum data 11.62 appears in NWRB in April and minimum data 0.44 appears in SERB in June. The wettest region is SERB and there are eight months in which aridity index is less than 1 but in YeRB and NWRB data in all months are more than 1. In China as a whole, aridity index is between 0.95 and 2.3, and maximum value appears in December. 
Space Change Trend of Interannual Aridity
Periodic Analysis of Interannual Aridity Index Contour
Line. Humidity in all regions shows decrease trend and decrease in 7 basins is significant, but the descendent is less in LRB, NWRB, SWRB, and YeRB. Change trend in vapor pressure is significant in SRB, HuRB, LRB, and NWRB with slope being 0.077, 0.187, 0.074, and 0.049, respectively. However, trend in SERB and PRB is decrease. Significant decrease is detected in wind speed change and slope in SRB is the biggest. Except increase in SWRB, sunshine hour is decreasing significantly in other river basins. Precipitation change is different and there is no consistent trend in 10 river basins. Except in NWRB, change of precipitation is insignificant.
Interaction between Changes in Aridity Index
Principal Component Analysis of Aridity Index.
There are many methods to quantify the contributions of climate variables change in aridity index, because meteorological variables impacted each other and they are not totally independent. For example, increase in precipitation may lead to an increase in humidity but decrease in air temperature. In addition, partial derivatives of aridity index to climate variables are not constant but fluctuated in statistical period. This paper adopts principal component analysis to discuss main factors impacting aridity index and operation is completed in SPSS. The adopted influencing factors in this paper include 11 variables which include climate variables listed in Table 2 and longitude, latitude, and evaluation. Evaluation of every metrological station is extracted from DEM data of China. Table 3 is total variance decomposition for each factor; it can be seen that characteristics of the first 4 principal components account for 90.62% of the total variance. That is, the first 4 principal components have covered most information of the 11 factors. So the first 4 principal components are selected to substitute for the 11 factors and the first principal carries 58.77% information of the total factors.
Although the first 4 principal components have summarized 90.62% information of all the influencing factors, there is little difference in the coefficients of each primitive variable. Variance maximization rotation is adopted on the loading matrix in this paper in order to explain the factor better and Table 4 is the rotated component matrix. It can be seen from Table 4 that the first principal component Advances in Meteorology 9 has bigger loading on max , mean , min , and vapor pressure and the loading value reduces in turn, of which the temperature variables loading values are more than 0.9. Vapor pressure, latitude, and temperature can be considered as thermodynamic factors and they are the most critical factors influencing aridity index. Humidity, sunshine hour, and precipitation have bigger absolute value of load on the second principal component. Humidity and precipitation belong to the moisture factor and have positive relationship with the second principal component. Sunshine hour belongs to the radiation factor. Longitudes and wind speed which belong to the geographical, dynamic factor, respectively, have big absolute value of load on the third principal component. Absolute value of evaluation load is the biggest in the fourth principal component and it belongs to geographical factor.
Conclusions
Using the Penman formulation of ET 0 , precipitation, and other geographical variables during in China, authors analyze the spatial and temporal variation of the aridity index and explore its influencing factors (i.e., four principal components). The following conclusions are drawn from this research.
(1) Spatial distribution of aridity index: arid region locates in mainly NWRB, a little part of northwest in YeRB and northwest of SWRB. The semiarid region includes most part of SRB, LRB, YeRB, and SWRB, whole part of HaRB, and half of HuRB in the north part. Semihumid region consists of east SRB, LRB, south of HuRB, north of YaRB, east of SWRB, and west of PRB. Humid region includes most of YaRB, PRB, and all of SERB. Scope of arid region is the minimum in summer and maximum in winter.
(2) Temporal change of aridity index: annual average of aridity index is between 3.4 and 7.5; the driest year appeared in 1980 and the wettest year appeared in 2003 and it shows decrease trend with a tendency of −0.236 per decade at 99% confidence level. In NWRB, HaRB, HuRB, LRB, NWRB, SRB, and whole China, July is the wettest month, in PRB, SERB, and YaRB, June is the wettest month, and in YeRB, September is the wettest month. The driest month dispersed in January, March, April, October, and December. (4) Principal components influencing aridity index: there are 4 principal components which influence the change of aridity index. mean , max , min , vapor pressure, and latitude comprise the first component and they all can be considered as thermodynamic factors. Humidity, precipitation, and sunshine hour consist of the second principal component and they belong to the moisture factor and radiation factor. Longitudes and wind speed which belong to the geographical, dynamic factor, respectively, are the third principal component. Evaluation which belongs to geographical factor consists of the fourth principal component.
